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HacTonmiin peKOMeHAyeMbifi MarepiiaJi ycTanaBJi^iBaeT MeToaw 
BiiOpaiiHOHHoro paiCMeia oiCHOBHbix ya.ioB ropnaoHraJibiibix Kaocyjib- 
Hbix rHapoarperaTOB c HecymeH KOHicipyiKUHeH cTep>KHeBoiro iHina (ne- 
cymaa KOHCTpyiKiUHH 6ei3 SbPiKa) h peiuaeT cjieayiomHe aaaaqn: 

— cosaaHHe MeimHiKH pacMera c(>6cTBeHHbix qacroi Hecymeii koh- 
crpyiKUHH riHiapoarperaia; 

— C 03 ;iaHHe MeToaHKn oiiipeae.aeHMH co 5 cTBeiiiibix qaicror Ba.na 
rHapoarperaTa; 

— paoqei BbiHy>KiAeHHbix Ko.neoaiiHH ociioBiibix ya/ioB arperara 
iipH KopoTKHx saMbiKaHHBX H copocax iiarpy3KH, iieSajiaiice Macc h 
upII zipyrux noiiepequbix cHJiax. 

I. COBCTBEHHblE MACTOTbl HECyiMEH KOHCTPyKUHH 

1.1. IlpiH pacMerax Kaiiicyvia arperara cxeMaTiianpyeTCB a5cojiK;)Tiio 
TBepAbiM TeJiO'M. yqeT noaaTJiiiiBocTH o6oJioqKH Kaiiicyjibi mo/kct yMeiib- 
LUHTb co5cTiBeHHyio qacTOTy iia 10 — 157o. 

1.2. Pa'ccMarpHBacTCB oOluhh cJiyqaft npacTpaiicTBennoro ;iBii>Ke- 

HMH rH/apoairpetraTa, Koma xaincyjia coBepiijaeT nepeMemeHHji ti, 

M ?r, H nOBOpOTbl 9 ,, 9 ^ (qepi. 1). PaCCTOBHHH Me>KAy 
KOJIOHHaMH / H pa'CTB>KiKaMH 2 paBHO a, Me>KAy UeHTpO'M BHepUHH H 
COOTBeTCTBeHH'O paCTB/KKaMH 2 H npOXOaHOH'KOJIOHHOH 3 pa'BHO b H c. 


Ma^aHMe ocpMuna/ibHoe 
I* 


nepenenaTKa BocnpeiueHa 
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CxcMa ropnaoHiajibHoro KaiicyjibHoro arperaia 



PacMeTnan cxeMa ropn- 
soHTajibHoro KancyjibHoro 
arperaia Kpyinjib- 

nbix II npOAOJibHbix KOJie- 


Bhu ropiiaoHiajibHoro Kan-cy.nbHoro ar* 
peraia no noioKy 




Mepr. 2 


Mepi. 3 
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BBe;ieM och rjiSii (cm. qepT. 1 ), och r)h£|h- (^epx. 2 , 3 ), naKjiOHeHUbie 
K acBM r\\th inoA y'rJiOM h MecTHbie och XuyiiZu, cBHsaHHbie c ko- 

JIOHHOH ir;;e / —HOMep KOJIOHHbl, n — HH'CJIO IKOJIOHH^. Fie* 

peMemeHHH h ino'BopoTbi KOHua /-toh iKOJioHHbi cTaTopa inpH yKaaaHHbix 
Bbiiiije inepeMeiueHHH.x ih inoBopoiax lueiirpa HHepuHH rHiApoairperara 
6yi;iyT: 


■* 

S 

^ ■ 

X ^ ' 


N 


n'^i = — cos cos a — 'fg (a - b) cos p, cos a — cp^^, cos P; X 

X sin ot — Wj sin 3,- cos a -- f^b sin cos ot — sin 3, sin a — 

- - HjSin n.\ 

“y/ ~ P< sin a — Te Pi Sin a — cos o. — 

~ Hj Sin Pi sin « -f (c — sin Pi sin a + sin Pi cos a -|- 

-f- U, cos a; 

Ki = - Sin Pi - cos Pi - 9^ (a — b) cos p, -|- cp^/?,; 

— — 9 j sin Pi cos « — 9^ cos Pi cos a — 9, sin «; 

9y, = — 9j sin Pi sin — 9^ cos P; sin a + 9. cos a; 

'pL = 'PeCOS Pi — 9^ sin Pi- 


( 1 . 1 ) 


S^ecb a — yroji HaKjiona kojiohh •cTaropa; R\ — pat^Hyc hx ycraHOBiKH. 

1.3. rio (1.1) inOJiyHHM Bbipa>KeHHH (HJIH yCHJlHH H MOMeHTOiB, 1B0:3- 
nHiKaioiu'Hx B MCiCTax 3aiKp0n.neHHH -kojiohh b 'Kancyjie: 


Q.i 

— -^1/ 
T yi 1 / 

+ 

u\p-u\ 

Myi 


+ 


Qv/ 


+ 

«'.i«6;: 

M,i 


+ 

«;,i«8/; 

Qxi 

= «!,ia..i 

» 





1.4. B (1.2) iK 034 )' 4 )H'UHeHTbI HiMeiOT BHtH: 

/ 

1 

,I. __ _ . a,; . - —3 — 

\2EJyi k'CiA; \2EJyi k'GAi 


/2 

~ 

IJJ 

•-! 



/3 

/ 

4 - 


VZEJyi ' k'GAi 


\ 


( 1 . 2 ) 


(1.3) 
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/ 

/3 / : ® 8 / — /J ; ! 

12£./;,- ^ y^'f/Vl, I2£J^i ’ A''6’.4,- 


iL ^-£:k 

3 A'GAi 

^•7/ p ^ » 

112^7^ ' //G.4/ 


^ 8 / = "^5/; 


_EAi ^ 

^•‘)/ ! \ ^‘ 10 / — ^ » 


(1.3) 


TAC / — A*nHHa -KOJlOHHbl; 

Jyi, hu — ^MOMCHTbl HHepUHH CeMCHHH iK0.710HHbI OTHOCHTeJIbHO OCCH 

y w z y\ inJiomaiAb ceMCHHH; 

Jp — inOJIHpHblH IMOMCHT HHepUHH CeueHHH KOJlOHHbi; 

E H G — MQAy^b lOura h MDAy^b PyKa -npn KpyoeHHii; 

k' — 'K034)(J)HHHeHT ({)OpuMbI CeMeHHH. 

1.5. rioA'CTa'BJiHJi (1.1) B (1.2), 6 yAeM iHMeTb: 

Qzi = 1 sin P,- H - 3 ‘, cos 3,- f 
^ "^{4 sin ?,• ~r cos B, + o'^; 

Qw ^ ^>,7 sin - 1 - 5' , cos ^7 + ^ ^ 

/M^, — sin 8 ,- + S', cos P, + 0 ',; 

Qxi ^3 sin 87 -[- cos p 7 -I '45> 

= ''26 sin p/ + ''.'7 cos fi7 + o'g. 


B (1.4) BBeACHbi icAmyioiiuie o6o3HaHeHHB: 

''ll ■■= — ?£ b-i/ Sin a -!- oc.,,(fl - A)] — u^aoS, 

S;., = — [a,7 sin a + a,,7 (a - /b)] 4- 11 .^ 0 ...,; 

— ~ ■?£ f’a/ Sin a -h a .,7 (a — Z>)| -- //^a.^,; 

S‘5 = - [a.,,, sin a + a,,, (a - ^)| f 

'4='f;Kcf’Sa H-a, 7 /e,); 

''17 = '-Py, I “■ *5f + "0/ “ ■ *) sin a. + a.,;,/?, cos a] - 

- 7/ja,;,sina: 

''18 = ?£ 1 + ’s/ •— ’.(,7 (rt — /a) sin a. — a,.7/^, cos a] — 

— 'Y6;Sina; 


(1.5) 


>■ 
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o'g COS a; 

= Tr, I ~ *7/ + «si — b) sin o. + coso(| — 

— f/cOtsjSin or,; 

^21 = 'Pe 1 ''■ 7 < ~ ’s/ — ^) sin a — agi/?, cos at] — 

— «^ag, sin a; 
o|, = «.atg, cos a; 

— b) cos at — atg,/?, sin at] — Mj^aig; cosa; 

^^24 ” 'Pe I ~ '*■ + ’ 1 ~ «; 

o', = — Wj,aa,. sin a; o^g — — ®^ cos a; 

S'; = — 'f,a„),- cos a; o'g ■= — ^f.a,o/ Sin a. 


(1.5) 


1.6. Haft.aeiM ycH.ann h .MOMCHTbi, iBoanniKaiomHe b iMccrax aaKpen- 
.oeHHfl paicTBxceK :n inpoxoiiHon iKo.noHHbi. Tor;ia SyaeM nMeib: 
a) A.rin pacT5i>KeK; 


Q.r/ = S|g sin i:y + ?4, COST;-, 


3 Aecb Yi — yroji Me>K;iy jiByrnn pacT5i>KKaMH; 


^49 = 


'',4. = 


EAp 

tp — 


EAn 


9i- 


EA 

^“p 

EA^ 

^ /o 


P . 


viAQ Ap; Ip — inJi'oma'Ab iceMeHHH h jimma pa'CTH>KiKH; 
5) -AJIH inpOXOAHOM KOJIOHHbi: 


Qy^T^Sai + «;S32; 

Qz = Vc^aa + + '?,,S35; 

‘'^x — 'f.Sas; 


My -= ^>, 0 ,; + H.S 38 -I- 94 . 33 ; 

^z — ?E^4o + «cS 4 , ; 

Q.= ?A3 + «A2- 


( 1 . 6 ) 


(1.7) 
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1 . 7 . Ko3'4)4)iHiuHeHTbi 631 — 643 onpeAeJiHiOT'CH ino ({)0pMyJiaM: 


> _ _ EA ^ g _ cEA 


R, 


Oo, - 


I 




1 ' 


^32" 




/ 


\2EJ, 

1 


k'GA 

+ R-i 


^33 — 


\2EJ^ k'GA 
1 




/ 




/ 


\2EJ,, k'GA 






I 


‘» '-*36 


12£7v f('GA 
7 


\2EJ„ k'GA 


R EJ^ 


I 


-- -:L- £3- 

3 k'GA 2 


/3 


/ 




/3 


12£yv 


/3 


/ 


\2EJ,, ' k'GA 


\2EJy k'GA 

JL 

3 k'GA 


EJz , ^ 
^ 2 


12£y^ 


i2£y^ //r7/i 


( 1 . 8 ) 


I'jie A, /, y^^, J2 — njioliiaAb, A^Hna h MOMCHTbi HuepuHH ceneiiMH npo- 
XO/IHOH KOJIOHHbi; C — paCCT051HHe OT UeHXpa HHepUHH AO CeneHHH 
yCTailOBKH npOXOAHOH KOAOHHbl. 

1 . 8 . IlpoeKTHpyB Bce ycHJiHH n MOMeHibi, AeflcTByiomHe b ceneHiHHX 
yCiaHOBlKH IKOJIOHH, pa!CTH>KeK H inpOXOAHOfi iKOJlOHHbl Ha OCH r\^l, inojiy- 
HHM ypaBHeHHH lABH/HeiiHH arpcraTa: 


i Q; -fQH + Qn'^^ O; 

h’f, + QJ, {a-b)- Q% - Q;'V + . 4 ^^+ yi'/'" = 0; 

•'V, + Q^ + Qr + Q[" = «; 

-Qlia-l>) + QUb + Q'^'c + .WJ, +/M1,"=0; 
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M + Q! + - 0; 

4cp^ + yMjH-yM!n^i-Q[n/^3=.^ 

rjie A/^, A/^, A/^, /^, A — Maccbi h MaMeiiibi liiiepmui Kamicyjibi 

BMecie c iripH'CoeAiHHeHHbiMH iMaocaMH h npHcoeAHHeHHbiMH .MOiMeirraMH 
HI-iepUHH MaCC BOAbl OTHOCHTe.nbHO COOTBeXCTByiOLUHX OCeH 'KOOpAHIiai; 

/?3 — paAHyic ycTaHOBiKH inpo'XOi^HOH-KOJiO'HHbi; QJ, Ql, A/|^, A/[ , 
Q"» A/^“, A/^", — npoeKUHH rjiaB- 

HblX BeKTOpOB H FJiaBHblX MOMeilTOB yCHJIHH H MOMeilTOB, ACHCT- 

ByiOLUHX B ceBeiiHBx ycxaiiOBKH KOJioiiH CTaiopa, pacTH>KeK h iipo- 
XOAHOH KOJlOHlIbl. 

BbipasHB ycHjiHH H MOMeriTbi iiepea (nepeMeiMeiiHB h irioBopoTbi, iio- 
JiyMHM ypaBHeHHH lABH/KeHHB B BHAe: 


Mm^ + C\u. -- 0; 

-f- Cjcp^ -j- 0; 

A/'Py] ^ 0; 

^io?c — 



1.9. BbiinH^meM Bbrpa>KeiiHH aah ,K 034 )(|jiiAHeHTOB Ci a^^’ib niHiApoaTpe- 
raia, HJvieiOLuero aAny inpoxoAHyio KOAOHny, iCHcreMy OAHiiaKOBbix 
CHMMeTpHBHO yCTaHOBJieHHblX paCTB/Ke.K II 'CHCTeMy KO.IOHH craTopa, 
HMeiomero iBce oiAHHaKOBbie cHMMexpHMiio ycxaHOBAeiinbie iKOAOiiHbi, 
KpoMe AB'yx BepxHKaAbHbix, Koxopbie oxAHBaioxcB ox ApyrHx ikoaohh 
ipaS'MepaMH: 


Ci =2 (ay,, -f ayo) cos^ a + 2 (a^,, f sin- a -}- 4a..„ + 

, m 

+— •— 

C-2 = 2 (a,,„ + a„6) cps^ y.(a — b) —2 (a^,, + a,,^) /?,cos aX 
X sin a —2 (aj„ + a^g) sin a +2 (ag,, + a^g) (a-- /;) sin'-’a-l- 
+ 2 Km + “ce) sin a cos a -|- 4 a,„ sin a + 

: A / I \ m ^ 

-t- 4 a,,M (« b) — -^ — b- 0,3; 

C3 = sin^ a (2ag6 -f- Ga,,,,) + cos‘^ a (Ga^^ {- 2a|.,6) r '‘xi\ 
Ci = 2 (a — cos^ a (a,,„ + a,|g) — 4 (a — /!)) sin a X 
X COS a Km + “oe) — 2 (a — /b) + a^g) sin a + 


( 1 . 11 ) 
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2(o(6m h '/ofi) (« - /!')-sin2a + 4 (a - ^7)ai„sin a 


1 - 47 .,„ {a — h)- 


EAr, 


■ + C'‘K -I- 4a,,cos^ a + 


4 a 3 „ sin''* a -1- 4 (a — /?) 7 .,„ sin a - 1 2 + 775 ) — 

— 2 (a — (ocg,, - 1 - a„6) sin a — 2A?, (a,,„ + a^g) cos a — 

— 2 /?, cos a (a,„ I- a.g) -|- 4 Af, COS a Sin a(a — 0) (a|.,„ - 


66 ) +2/?,2cos'^ a (a„M + Wee) - 2A?, sin a cos a (a nb) X 


X («.,« + a.ie) + 2/^,'* sin a (a,,n, -f a^g) 4- O 40 — 

C5 = 2 (a — b) (ag„ -j- a-ae) COS'* a +2 («• — b) (ag„ -f- a.ge) X 


X sin- a + 4 (a — 6 )a._,, 




^ *1" CO42 4“ 


+ 47., „ sin 7 — 2 sin a + 7 . 86 ) + 2/?, sin a cos a (ag^, + 
+ =^ 66 ) — 2/?i sin 7 cos 7 ( 7 ,+ 7,,g); 

Q = 479„ cos^ 7 + 47g„ sin- a -f 2 (a^^, + 72 g) + 


+ ~‘ir+ ^30 


C 7 = — 4 (a — /;) agj, COS' a + 47 ,,„/Tf, sin a cos a 4 
4 475 ,, sin 7 — 47 |;„ {a — A) sin^ a — 47 ,n,/?, cos a sin 7 
- - 2 ( 7 ,,, 4 7,g) sin 7 - 2 (7.,„ 4 avg) (a — b)-\- 
rn EAu 


[ 


Cg = 4 (a — A)** a;,„ cos*^ a — 4 (a - - b) ag^/?, sin a cos a — 
— 4 (6« — b) aj,^ sin a 4 4 (a — ^')^ae„ sin^ a 4 4 (6t — X 
X 76 m^i sin a cos a. - 2 {a — b) (a,„ f a|g) sin a f 


t-2 {a - 6)''*(72„ 4 a-ae) + 


m EAi 


/„ 


+ ^ 3 hC 4 2 cos^ a X 


X (aioM 4 7,„g) 4 2 sin"'* a (a,,,, -|- a.gg) 4 2 sin a (a — b) X 
X (74 m H- 3(46) + 4 a7M — 4(a — b)y.s^ sin 7 — 4Af,78„cos7 — 
— 4/?,a.,j, cos 7 4 4 /^, cos a sin a (a — b) 7 om “H 
f 4 A?i '*76m cos- a — 4 /?, {a — /;) 7g„ cos a sin a -|- 
-4 4 /?,''*ay„sin 2 a — 

Cg = — 4{a — b) ag„ cos"'* a — 4 (a — b) ag„ sin - a — 


• 2 (6/ — b) (a.,„ -1- a.^g) 4 * 4 — 2 sin a. X 


X ( 7 . 44 , 4 74 g) 4 4a8„ sin a — 4A?, sin aag,, cos a. 4 
+ 4 /?,ay„sinac 0 Sa; 


(l.ll) 
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C,„ = Sin^ a ( 67 . 10 M F 2a,„ 6 ) + cos^ a (Ga.,,, + 2a,, 5 ) p 


2/^,2 ( 6 a 2 „ + 2a.,,6) I- /?, COS a. ( 6 a 
4“ ^:!7 4“ 


iM r 


I- 


’'ic) 


1.10. B (1.11) BiBeizieHbi cjimyiouuiQ oOoBHaqeHHB: 


'iM 



2 


1 ’ 

i2£yvM 

1 

““ /- 

/ 

12£yyM 

/2 

_ -3 r 

‘ k'GA^^ 

yu 

k'GA,, . 

“■ E 

/ ’ 

12£yyM 

^ 4 m ^1M> 

1 

"■ E 

1 ’ 

1 2EJ 

1 

E 

/ 

i2EJ,„ 

. 

ZM 

3 ' 

k'GA,, 

E 

1 

i2£y^„ 

• k'GA,, 


a. 


.... ^ ^.51. 

a 

OVj,M 

).vr ■= —f— i 


'•16 


^,6 


^•36 



2 

' ii 

/ 

VlEJ^y 

/d'G/lf, 

1 

E 

/ 

I2£yy6 

A''(/y 46 

E , 

EJy(, 

3 

k'GAc, 


V 2 EJy(y ^ k'GAo 


'46 


^06 


'•G6 ■ 


'•l6» 


I2£y^6 k'GA^ 
I 


/3 


+ 


/ 


^76 


12£y^(3 k'GA() 

JL a IhL. 

3 k'dAct 

^ 1 


'•86 ■ 


^-06 ^ 


*•106 ■ 


\2EJ^6 ‘ k'GAo 

^ ^- 06 ; 

/i/ln . 

/ ’ 

p6 

~ ~~ T * 


B (1.12) HHAeKlCbl «M» H « 6 » OTHOC51TCH K ilia pa MCTpa'M 
GoJIblUOH KOJIOHH COOTBeUCTBeHHO. 

1.11. ZIjib THiApoarperaTOB c cHMMeTpHWHOH KOHCTpy'KUHeft 
K03Cj)'Cj)H!UHeHTbI Cj HMeiOT BHA*. 


c — — 
— 2 


£/l 


• cos^ a ■ 


sin‘^ a 


I 


c - — 

^ 2—9 


12 EJ^ k'GA 
, m . 


i2£y. 


/^'G24 


+ 


^ cos^ cf.{a — b) cos a sin a + 


} ( 1 . 12 ) 


iMajIOlI H 
CTaTOJKl 


(1.13) 
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- sin a 


(a — b) sin2 a 


R\ cos a sin a 




I 


/3 


/3 


12£y^ 

/ 


^ k'CiA 

sin ot 


\2EJ, 


k'GA 


/3 


/ 


12£y, 


' k'(JA 

Cy — n 


\2EJ„ 


k'GA 


\2EJz ^ k'GA 


m . 

2"’"77^ ’ 


12£y> COs‘^ a , Sin‘^ a 


/-> -j- ■ 


\2EJ^l 

k'GA 


I 


C 4 = -^[(a - bf cos'-; 7 . ^ - (a - R, ^ sin 2a + 
, (a — /;)'-^sin2ot . (a — b) sin 2a . {a — b) I sin a 


I 


R 


I 


+ 


i2£y. 


k'GA i2EJ. 


k'GA 


+ ■ 


(a — by^ 


R 


I 


GJi, 

+ -j- cos^ a + 


/'-■ 


EJy, 


p \ 3 k'GA 


^]sin^a 


+ 


l2EJy 

, EJr 


k'GA 


VIEJ^ 


k'GA 


+ ■ 


k'GA . / (a — ^) sin o( 4-/?i/cos a . 

-f I p -j h - 


/?]2 COS- a 


I 


R 


\2EJy 


k'GA 


Cr.--= 


\'2EJ, 


k'GA 


\2EJ, 


■I" k' 


GA 


I 9 EA • 9 ~| I p f n 

+ /e,2_s,n2aJ + _._*2. 

(a -6) EA cos^a . (a —b) sin'- a 


/ 


/3 


/ 


i2£y. 


sin a 


A-'G^ 
/ 


/ 


R 


I 


■ + ■ 


2 


sin a 


R 


I 


\2EJ^ 


k'GA \2EJy 


k'GA \2EJ, 


k'GA 


/?iSinacosa sin a cos a 


R 


/ 


/ 


m EAu , 


\2EJ^ ^ k'GA 

Cq = Cj*, Cy = — Ca Cg = Ca Cg — — Ca 

EJy 


C,o = -^ 


GJu 


sin- a- 


R 

T"~ k'GA 


cos2 a 


/ 


/3 


/ 


12 £yv 

//^l cos a -f /^|2 




/3 


I 


12EJ^ 


k'GA 


(1.13) 


; 
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F/Ae n — MHCJio KOjioHH ciaTopa; m — m.hicjio pacTH>K6K. 

1.12. PemeHHe CHCxeMbi ypaBHCHHH (1.10) HaxoAHM b bhag: 


«r = ^l 

sin o)t; 

'fj = >l 2 sin 0 )^; u. 

= ^43 Sin 0 )/; 1 

(1.14) 

= ^4 

sin 0 )/; 

/AsSinu)/'; 

“ Aq sin oj/.J 

peayAbxaxe noACxaiiOBKH (1.14) 

B (1.10) nojiyMHM: 




II 


(1.15) 



co2=l/>: 


(1.16) 


3.4 


5,6 


V 

V 


Cl/e ' V (^i^E + C,Af,,)2 - 4A1n/^ (^iCi - C,C ,). 


2 ^/e 


/ Co/.^ + c«/Vfe ± I c,sMe)2 - (C,Cs- C7C,) 

244e/,, 


(1.17) 

(1.18) 


B (j)opMyjiax (1.15), (1.16), (1.17) h (1.18) BBeiACHbi o6o3HaMeHHH: 
0 ) 1 —icoi6cTiBeHHaH 'MaicTOxa npoAOJibHbix KOJieSaHHH axperaxa; 

0)2 — icoi6icxBeHHafi qacxoxa KpyxHJibHbix iKOJieOaHHH; 

0)3 H 0)4 — coOcTBeHHbie HacTOXbi noinepeHHo-ino'BopoxHbix KOJiei6aHHri 
ainpeiraxa ib ^epxHKajibHOH ibjiockocxh; 

0)5 iH 036—co'ScTBeHHbie iiacTOXbi inoinepe'HHO-inoBO'poxHbix KOAe6a.HHri 
,b DopHiaoHxajibiiOH nJiacKocxH. 


2. COBCTBEHHblP MACTOTbl nonEPEHHblX KOJIEBAHMP1 BAJIOB 
rMAPOAEPEEATOB 


2.1. ripn pacqexe Bajia iia nonepequbie KOJieOaiiii^i npiin^ixa Mexo- 
AHIKa [1], M 0 IAepHH 3 Hp 01 BaHHaH BlBeACHHeM IB ypaBHeHHH ABH>!<eHH 3 
AeftiCXBHxeJibHOH ciKopocxH BpaiueHHH axperaxa. 3 xo ino 3 BOJi 5 iex oinpe- 
AeJiHXb iKaiK ico 5 cxBeHHbie Ma^cxorbi Bajia, xa,K h ero KpHXHqecKHO 
cKopocxH, pae-HHtua Meno^y anaMeimH'M.H Koxopiiix MOKer Obixb aiiaqii- 
leJIbHOH. 

2.2. npHMeiM H0n'OA'BH>KHyio cH'Cxe.viy KOopAHHax, oxh iKoxopoii 
iianpaBHM CJIeAy^oI^HM oOpaaoM: //—BBepx,z—BJieBo,A:—BAOJibocii 
Bajia K HaC)JiioAaxeJiio. /l.Hi(|)t|)epeHuiia.nbiioe ypaBiioHiie noinepemibix 
KOJie-OaHHH iBajia iiMcex ibhia: 


F1 

^ dx^ 




( 2 . 1 ) 


TiAe mi iH Ji — icooxBexcxBCHHo pacinpeACACHHaH Macca h MOMenx HHep- 
UHH /-xoro ynacx'Ka Ba^a; £ — MOAy^b yinpyrocxii MaxepnaAa BaAa. 
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Hmgh b BH^Ay, ^iTO Baji coBepuiaeT rapMOHHMecKHe KOJie6aHHB 
yi=^Vi{x) sin pt, no.iyMHM AH(|)4)epeHUHa;ibH0e ypaenenHe ynpyrofi 
.THiiHH /-Toro yqacTKa: 

( 2 . 2 ) 

FAC k\ — » P — ^lacTora C'o5cTBeHHbix iKOJie6aHHH. 

Or)mee peiLieuHe ypaBHeEH^ (2.2 ) ,mo>kho aainHcarb b bhac: 
l/, (z) = A ,S \k, {X - rt,)l -f I (X - «,) 1 - 1 - C,U [k,ix- a.)] + 

\-Dy\k,{x-a.)\, (2.3) 

TAe Ai, Bi, Ci, Di — inpoHBfBOJibHbie n(>CTO?iHHi>ie; S, T, U, V — t|)yHK- 
umi K'pbiAoiBa. 

PacueTHan cxeMa a.-th onpeAejieHHn coOcTBenHbix MacTox no- 
nepeaiibix KOjie6anHH Ba.noB rHApoarperaxoB 



npHMeHHTe.nbHo k BaJiaM ruApoarperaTOB iMai^pEua inpoHSBOJibHbix 
nocTOHHHbix /’-j-l-ro yMacTKa Bbipa>KaeTCB wepea MarpHuy inpoHiSBOjib- 
Hbix nocTOEHHbix /-Topo yMacTKa cjieAyiouuiM o6pa30M (nepT. 4) 


PAG 


Ai-, 1 


S,. T, U, V, 



B,^^ 


/;,V, /;,S, b,l, /;,U, 


A 

Cl-sx 


d.y, d,S, dj, 


C, 

Ih -L 1 


fi'^i /,u,. /,v, /,s,. 


1^, 


(2.4) 


T. 


0 

0 


f'z+l 






•"/ +1 




; + i 


(2.5) 
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B cjiyiiae, Kor^a yMacTKH eajia pasAeJiniOTCji onopoH c K03c|:)(J)HUHeii- 
TOM ynpyroH o-camKH a^+i h K034)(})HUHeHT0M ynpyroH isa'^eJiKH Pi+i. 

Ecjih yiiaiCTiKH 'Bajia pasAeJi^toiCH aH'OKqm c iiviaccoH h s'lvBa- 
TO'pHaJibHbiM 'MOiMeHTOivi Hiiepiuni /o/ 4 .i, TO Marpriua inpHiMer bihia: 


0 



r\y D 


1 



i + ] 

1 


( 2 . 6 ) 


B .Bbipa>i<enHHX (2.4), (2.5), (2.6) o6o3iiaMciio: 






0 ) — yrJiOBan ,cK'OpocTb BpaLueHHH Bajia arperara; 

^o/ + l — OiCeBOH MOiMeHT HHepUHH AH'OKa. 

2.3. H3Jio>KeHHaH MeiOAHKa aainpoTpaMMHpoBana na 3UBM 
«HaHpH-2» ‘B pemiMe a;BTOinporpaMM;HpoBaHHH. BjioiK-cxeMa mpo- 
rpaMMbi inpeACTaBJiena na Mepi. 5. 

2.4. npH cocTaBJicHHH ajiTopHTMa paiCHeia na 3U.BM ,6bijio inpii- 

IIBTO BO BIIHiMaHHe TO 0r)iCT0HTeJlbCTB0, MTO IipOrpaMMa aOJI>l<Ha HOCHTb 
yiiHBep'caJibHbiH xapaiKTep h yiniTbiiBaTb Bce ,B03Mo>KHbie bhabi inepe- 
xoAa, H'Meioiu'iHe mocto na npaKTHKe, b JTro6oH inocJieAOBaTe.nbHOCTH. 
npH STOiM MHCJio paoMeTHbix oinepauHH He HMeeT pemaiomero SHane- 
HHH, KaK 3TO HMeOT MeCTO inpH pyHIlOM iC^ieTC. OcHO'BHOH 0'C0’6eHH0CTbK) 
ajiropHTMa HBJiBeTc^i HeaaBHCHMOiCTb BbiqucJieHHa inpoHS'BOJibHbix no- 
cTOBHHbix (nooJieAyiomero ynacTKa Mepea n.poHSBOJibHbie noiCTOBHHbie 
.npeAbiiAyiuero ynacTKa ot bhab nepexoAa. 3to AOCTHraeTCH tcm, hto 
JIJIH Ka>KAoro yMacTKa aaAacTCH MaKCHMajibiio B03Mo>Kiioe iiiicJio Aaii- 
iibix. /laHiibie, He HiMeiouuie mccth a^h 'KonKpeTHOiro yqacTKa, aaAa- 
lOTCH nyjiB.viii. BbiinojineHHc rpaiiMMiibix ycJiOBHii Ta.K/Ke 3ajioa<eHo b 
saAanHH HcxoAHbix AaHHbix. B ,nporpa'MiMe npeAycMOTpeHo bbimhicjic- 
HHe A*nH AaHHOTo THApoarperaTa co6cTBeHHOH MaicTOTbi inpH iiop'MaAb- 
iibix -iH paaroHHbix o6opoTax, a tbiokc wacTOTbi, cooTBeTCTByioiueri 

K p H T11BeCKOH 'CKO p OCT 11. 

n.porpaMiMa inpe'AycMaTpirBaeT ompeAeJieuHe ico5cTBeHHbix bbctot 
ncmepeHHbix iKOJie:6aHHH bb/iob ikbk na noiAaT.nH'Bbix, tbk ii na >KecTKiix 
oinopax. 

2.5. OcO'6eHHOoTH iiiporpaviMbi: 

— Baji .HaHHHaeTiCB c kohcojih. Eicjih TaKoii hct, to laaniicbiBaeTca 
ynaCTOK HyACBOH AAHHbl .C iHAOmaAblO iH MOMeHTOM HliepiUlH mepBOTO 
yqacTKa; 

— AaHHbie, xapaKTepiiayiomiie onopy hjiii ahck, aaiiocHTcn b / + I -h 
ynacTO'K; 
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BjiOK-cxeMa nporpaMMbi no pacMery co6cTBeHnbix nacTOT nonepenubix KOjie6anHH 

FHApoarperaTOB 



























































PTM 24.023.04 Cip. 15 




— KOtriZia onpeiixeJiHiOTCH icoScTseHHbie MacroTbi inpH nopMajibHOii ii 
paaroHHOH cKopocTHX BpaiueHHH BaJia, to Xh = 0 (cm. iiiporpaiMMy) , 
a Uk inpHHHMaeT SHa'MeHHH COOTIBeT'CTBCHHO HOpMajIbHOH H paSrOHHOH 
yrJiOBbix oKopocTeH BpameHHH; 

— :npH <oinpei;ieJieHHiH qacTOT, cooTBeTiCTByioiuHx KpHTHqecKHiM cko- 
pOCTHM, Xh = \y a Uk = 0. 

2.6. Opoirpa-MMa oinpeineJieHHH coocPBeHHbix MacToi /iioiiiepemibix 
KOJioSaHHH rHiApoaTpeiraxoB 


an 120 I g M H y b z e K hi 
k2 Hi it X 
13 j3 c t Y a 6 

1) AO‘nycTHiM i = 0\ 

2 ) iBBe^eM If gi Ml nii Hi yi bi bii\ 

3) BCTaBH'M t = 

4) ecjiH t — 20 <; 0, >k 2; 

5) AotnyiCTHM k=0\ 

6) BBe^cM Uh Xh\ 

1) 'BCTaBH'M k = k-\-\\ 

8) ecjiH k — 2 < 0, HfATH IK 6; 

9) aanyiCTHiM fe = 0; 

10) AonycTHM /?=1; 

11) BbmHCJIHM LlJk = Uk-\- pxh\ 

12) AonycTHM 




^0,0 

= 1: 

'’0,1 

= 0; 



^1,0 

■=0; 


= 0; 



^2,0 

= 0; 

^2.1 

= 0; 



^3,0 

= 0; 

^3,1 

= 0; 

13) AanycTHM 




^o.u 

= 0; 

«0,I 

= 0; 

«0,2 

— 0; 

"l.2 

= 0; 

®I,3 ' 

= 0; 

"2,0 

= 0; 

«3,0 

==0; 

"^3.1 

= 0; 

«3,2 

-0; 


S,2 

= 0; 

''0,3 = 

= 0; 


''1,2 

-0; 

^1,3 

= 0; 




^2,3 ' 

= 0; 


^3,2 

= 0; 

^3,3 

=-(); 


"0,3 

= 0; 


= 1: 

rt,, = 0; 

^2,1 

= 0; 

^2,2 

= 0; 

“2,3 *1* 


14) AOiiycTHM / = 0; 

15) BbiHH'CJiHM Zi = 0,0014e( (lngi/;2/Mi)/4); 

+ (5^./,.)); 

r„,2 = 0,5((//CV.)-(C2r,/,)); 
r„_3 = 0,5 ((//S^,0-(5^,0); 




2 


3aK. 462 
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^ 2.0-^ 2,1 0,3’ ^ 2,2 0,0’ ^2,3 


r.. 


7^M V • 
0,1’ 




3,1 


■ /VI I' • 
0 , 2 ’ 


V — /M r • 

3,2 i i Q;d^ 


[’ ^ ^\A p . 

3,3 '^r / 0,0’ 


1 , 0 » 


r • I' • 

1 , 1 ’ ^ 1 , 2 ’ 


16 ) 'ii'poinpaMiMa ; 

17 ) iriporpaMMa//Mra 64 4 4 ; 

18) BCTaiiUM / = i-f 1; 

19) 'BblMHCJIHM zr, r^o; ro,2’ ^^3’ 

p . p . p . I’ . p p r 

2,1’ 2,2’ 2,3’ 3,0» 3,1’ ^3,2’ 3,3» 

20) I3bl'BH'C.nH»M 

= {oLpUf, - - H,p^ + 

H.. = m./;“/2- lO^TW^zf; 


r • r • 

^ 1,3’ ^ 2,0* 


21 ) Bbl'mi'CJlHM 

^’ 0,0 ■“ ^0,0> ^1,0 ~ ^l,o/'^i* 

^3,0 “ 

22) BbniHCJIHM 

^0,0 “ ^0,0’ ^1,0“ ^1,0 
%3 = (^.o/^r^/) + (^i^iA); 
^3,0 (^ 3 , 0 /“^/^/) (^i^O,o)’ 

23) ecJiH — 1 =0, HiATH IK 27; 

24) 'BbIMHCJIiH'M 

^3,0- ^3,0-y. 2000000714,zf; 
^ 3,0 = ^ 3,0 - yp 2000000/V/^z3; 

25) ecjin i — 19 < 0, hath ik 16; 

26) HATH iK 31; 

27) 'BblHH/CJIHiM 

^1,0 “ ~ ^1.0^0,o/^0,0 ^T,0’ 

^^2.0 “ ^'2,0^(i,n'^’u.O ”t“ ^2,0’ 

^3,0 ^3,0^0,o/^0,0 ^3,0’ 

28) AonycTHM ao.o = 0; 6o,o = 0; Ci,o = 0; c' 2 ,o = 0; 

29) BblHHICJIHM C3 ,o = ^i/2 • 

30) ecAH i — 19 <0, hath ,k 16; 

31) BbiqHCJlHM 0 = 6'2,0^3,0 — ^^3,0^2,0; 

32) ineqaTaeM c 9 SHaKaMH p O; 

33) ecTaBHiM p = p-\-\\ 

34) ecAH p — 200 < O, hath k 11; 


/ 



537329 
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35) iBcraBH'M k = k-{-\\ 

36) ecJiH k — 2<0, HATH K 10; 

37) iKOH'MaeM. 

HiOHOJIHHM 1. 

2.7. 06o3iiaqeHHH inepeMeHHbix Aanbi b Ta5;i. 1. 


Ta6Auu,a / 


HaHMeHOBaHne (f)H3HiiecKHx Be.’iimHH 

06o3HaMeHHH 
B 4^opMyae 1 

n Mam Hue 

Jlnmvd yuacTKa 

h 

h 

n,noma;ib teneHHH Baaa 

I'i 


Momcht MiiepuHn Baaa 

Ji 

Ml 

Cocpe;iOT04eHHaH Macca 

Ml 

nil 

3KBaTOpHaabHbIH MOMeHT liHepUHH JXHCKa 


Hi 

OceBOH MOMeHT HUepUHH JlHCKa 

foi 

bii 

Pa;iHaabHaH >KecTKocTb oiiop 

ai 

yt 

yrJlOBaH >KeCTKOCTb oiiop 

P; 


CoOcTBenHan nacTOTa Baaa 


p 

CKopocTb BpamenHH arperaia 

Oi 

LUk 


Si 

^ (l,() 


Ti 

l\).l 

4^yHi<uHH KpwJioBa 

Ui 



V,- 

^0,3 


kiVi 



kiSi 



l-iTi 

^"l,2 


kilii 



/.■iViVi 



kiViVi 

^2,1 


kpJfii 

^ 2,2 


kNi-Vi 

^’ 2,3 


kiViri 

* 3,0 


kiMi^ii 

^’ 3,1 


kiMiXi 

^ 3,2 


kiMiSi 

^3,3 


kl 



'oi'^P — 

ei 


EJiki 


■ 1 i % St .. uQ 

■ .T 

MiP^ 

i’; 



2* 
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npodoAJfcenue ma6A. 1 


HailMeHOBaHMe (t)H3HMeCKHX bcjihhhh 

06o3HaMeHHH 

B (})opMy;ie 

B MaiuHHe 

Ko3(l)(l)HUHenTbI npM IIpOH3BO.ribHOH nOCTO- 
HllHOil y4,, 



K()34>4’‘mneHTbl ITpIl npOH3BO;ibHOIi nOCTO- 
HHHOH Bu 


«/.;■ 

OnpejiejiHiejib cHcieMbi 

A 

0 


3. COBCTBEHHblE MACTOTbl KPyTHJlbHblX KOJIEbAHMH BAJIA 


3.1. PaccMaipHBaeTCJi 3JieKTpoMexaiiH4ecKa5i cHCTeMa, cocTonmaji 
H3 .poTopa ire.HepaTopa h paSoHero KOJieca, cBHsaHHbix Me^y co6oh 
B ajioM (iMexaHH'HeciKaH >KecTKOCTb), a (C Heno:HBH>KHbiiM ocrioBaHHeM — 
SK'BHBaJieHTHOH COOpeAOTOHeHHOfi >Ke'CTlKO'CTblO SJieKTpOMarHHTHOrO 

noJiH. 

3.2. Tax lOK STM oiBe /KecTKOCTii cooTBeicTByiOT qacTOiaM, cyme- 
CTtBeHHo OTJiHMaiomHMiCH jxpyT or Apy-ra, pacMeinyio cxeMy mo>k.ho 
ynpocTHTb H npHHHTb ABe 6oAee npocibie cxeMbi: 

а) ynpyirHH -Baji 'C AByMB ihjih xpeMH MaccaMii [1]; 

б) TfBepAoe Tejio (saJi),'ycTaHOBJieHHoe Ha npy>HHHe (aKBHBajienT- 
iian >KecTKacTb oAeKTpoMairHHTHoro uojin). 

3.3. B cooTBercTBHH c n. 3.2a iCO'ScTBeiinaH MacTora aah A'ByxMac- 
coBoii cxeMbi oinpeiAeJiHeTiCH .no ^^op^y^ie: 


k, 



(A f /2)Ci^ 
hh ' 


(3.1) 


AAh TpexMaocoBOH 'cx0Mbi .no (j)opMyAe: 


r 

k — 1 / - 

-6 

1 

) 4- 


^ \ 4 ' A 

' /np 

/ - 

/Ci^ €2^ 




1 a; ' /i ' 

' /„p / 

W„p 

(^1 ^2 


(3.2) 


B (3.1) H (3.2) BiBeAeiibi cjieAyiomHe oooaiiaHenHn: 

J] — oceBOH MOMCHT HHepuHH poTopa ireiiepaTopa; 

/ 2 — oceBoft iMOiMCHT HHepuHH paSoHero KOJieca BMecie ic mpiicoeAH- 
HeHHbliM IMOMCHTOM HHepUHH BOlAbl*, 

In\) — OCeBOH MOMeHT HHepUHH inpOMe>KyTOqHOH Maccbi; 

— KpyTHJibiiaH /KecTKOCTb Bajia; 

€ 2 ^ — KpyTHJibHan >KecTKOCTb ynaiCTKa Me>KAy npoMe/KyionHOH Maocoii 
H pOTopoM irenepaxopa (BiKJHonaH HcecTKOCTb onHU poiopa .rene- 
paxopa). 
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riojiyHeHHaH '^acTOTa k\ cooTBexcTByeT hhcto MexaHH^eiCKOH 
iiacTOTe coi6'CTBeHHbix iKOJie6aHHH. 

3.4. SjieKTpoMexaHnqecKaH qa'CTOxa rHAporenepaTopa, inoiUKjiioHcii- 
Horo K uiHHaM .6eoKO.HeMHOH MOinHOiCTH, ompej^eJiHexcH -corJia'CHo [2], [3], 
[4] ino 4)opM'yjie: 

k.^^Y (3.3) 


3 Aecb p' — HHCJio nap nojiiocoB; / — momcht HnepuHn BpamaioiuHxcn 
naiCTen BMecTe ic npiHcoe^HHHeHHbiM imomchtom HHepuHH boiah k pa6o- 
HeMy KOAecy; 


yw,,. = 10,2 - J [1^ cos So + (3^- cos 2So ], (3.4) 


FAe m — ^iHCAo ic|)a3; 

E — 4)ai3HaH 0. A.‘C. ino .npoAOAb-HOH och, 0; 

U —(J)a(3Hoe HainpH>KeHHe na BbiBOAax renepaTOpa, 0; 

Xd H Xq — pea'KTHBHbie con'poTH'BAeHun no npoAOAbiion n noinepemiori 
OCH, OM\ 

60 — yroA Hairpyi3(KH; 

Q — cKopocTb 'BpaiueHHH BaAa, 1/00^:. 

4 . nPHCOEAHHEHHblE MACCbl >KMAKOCTH 

4.1. BoaiAeHCTBHe >KHiAKOiCTH na ABH>Kyu^eecH b hch TBepAoe tcao 
inpoHBAHexcn b bhac inpiHcoeAHHeHHOH Maocbi h inpHcoeAHnenHOxo mo- 
Mema HnepuHH >khakocth k Maoce n MOiMCHTy hhcpuhh Maccbi iBcp- 
Aoro TCAa. HH>Ke HBAaraeTCH inpH6An>KeHHbiH mctoa OinpeAeACHnn 
npHcoeAHHenHOH Maocbi boabi h ynera ee bahhhhh na 'CO‘5cTBeHHbie 
nacTOTbi KOAei6aHHH ropHSOHiaAbHOtro KancyAbHoro rHApoarperaTa. 

4.2. CnHTaH, mto xancyAa npeACTaBAnex co 6 oh saambcoha Bpame- 

HHH, paOCMOTpHiM TpH BHAa 66 ABH>K6H;HH. npHiC06AHH6HHa51 Macca 
/K'HAiK'O'CTH 'CAa!ra6TCA H3 inpH'C06AHH6HH0H MaCCbl K ipa^OHCiMy KOA6Cy 
/TZp.KC H npH'CO©AHH6HHOH MaCCbl K lKain(CyA6. 

4.3. 3Kan6pHM6HTbI ino 0(np6A6A6HHK) C06cTB6HHblX AaCTOT iIipOAOAb’ 
iibix iKOA66aHHH 'KainoyAbi noKaaaA.H, hto inpHC06iAHH6HHaH Maoca >kha- 
KOCTH MO>KeT fibiTb .HaHACHa ino 4)opMyAaM, noAynoHHbrM b UATH [ 6]. 

ToriAa iipHcoeAHH6HHaH Macca iKa'ncyAbi inpn inpoAOAbHbix KOA66a- 
HHHX (6yAeT onpcAeAHTbcn no '(j)opM'yA6: 

(4.1) 


FAC P — inAOTHOCTb B'OAbi; 

a H b — !6oAbiiiaH h MaAan inoAyocH SAAHincoiiAa; 
jj. — \noinpaBOAHbiii 1x004)4) hiuhcht. 
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Ko3(})(})HUHeiiT \Xr onpeAeJineTCH no 'rpa(j)H;Ky, npHseAennoMy b [6 ] 
H Boc.npoH3BOAHMOMy Ha HepT. 6. npH'CoeAHHeHHaH Macca Ha JionacTH 
pa' 6 onero iKOJieca 6yjieT oupejxeJi^TucH mo 4)opMyjie: 

( 4 . 2 ) 

TAG / — maT peiiieTKH; 

/ — pasiMax jioinaiCTH pa6onero iKOJieca; 

Xyy — inonpaBOMHblH K094)i(J)HUHeHT; 

P — nJIOTHOCTb 'ROAbl. 

rpa(|),HKH nonpanoMHbix K03cl)(|)imHeHT0B 
run onpeAejieniUJi npHCoeAHHeHHbix Mace 
H MOMeHTa HUepUHH Macc BOAbI B- Kan- 
cyjie 



iljiH onpeiAeJieHHH BocnoJibsyeM’CH rpa(J)HKOM, H'3o5pa>KeHHbiM 
iia Mcpr. 7 (6]. Ha MepTe>Ka jionacxH onpeAejineM lUHpHHy jionacTH d, 

luair peineTKH t h pa3Max jiomacxH /. Flo oxHomeHHio HaxoiAH'M 'kyy. 
Toraa npH-coeAHHeHHaH Maoca na pa6oneM KOJiece OiKa>KexcH paiBHOH: 


m, 


p.KC ■ 




(4.3) 


r^e 2 — iinc.no Jionacxeft. TaKUM o6pa30M, 


= '«p.KC -1- '«,<;• 


npHBeiACHHbie i4)opMyjibi BbiBeAeHbi 6e3 ynera bjihhhhh cxenoK inpo- 
xoMHono xpaKxa. y^iex bjihhhhh cxenoK Aacx AomojiHHxejibHoe yBeAH- 
‘lenme npHicoeAHHeHnoH Maccw. 

4.4. Rpn momepeHHO-mo'BopoxHbix KOAeSaHHHX npHtcoeAHHeHHan 
Macca H MOMenx HHepuHH boaw k Kamcyjie onpeAeJinexcn no 4>op^^y‘ 

/laiM: 


'«np = 


r 





( 4 . 4 ) 
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^np 15 


b'^)ab'^, 


(4.5) 




N 


rAe H HaxoAHTCH h 3 rpa(|)HiKa na ^epx. 5 ,no OTHoiueHHK) bja. 

4.5. JXj\^ inpHcoeAHHeHHOH iMaccbi h npH>coeAHHeHHoro MOMeHia 
.HHepuHH :BOAbi K 'pa6oq©My KOJiecy inpH inotnepenHbix iKOJi 06 aHHHx .eajia 
BoanojibsyeMCH peayjibTaTa'MH, nojiyMeHHbiMH aab 'rpe6Hbix bbaob [7]. 
Cor.JiacHO pe’KOMeHAa'UHHM [7], ecJiH Macca pai6onero KOJieca m 2 , a 

rpac])iiK nonpaeomibix K03(J)cl)Hm'ieHTOB jiJia onpe,aejieiiiiH 
npHcoeAHneiiHOH Maccbi k jionacTu 



MOMeHT HHep'UHH OTH'OCHTeJlbHO AHaMexpa /2, TO C yweTOM 'B.nHHHHa 

iBOAbi inpH pacHerax cJieiAyeT nojibsoBaTbc^ BeJiHMHuaMH //i 2 = l,3m2 h 
/2= 1,6/2. 

4.6. npH iKpyxHJibHbix K 0 .nie 6 aHHHX Bajia rni.H'poa’rperaTa raK/Kc cy- 
mecTBeHHoe BJiHHHHe Moater OKaaarb inpHcoewHHeHnaB iwaoca boiubi. 
npHCO©.aHHeHHbIH iMOMCHT HHepUHiH .K pafiOUeMy KOJiecy Oinp6flejl5ieTCa 
no (popMyjie: 

( 4 . 6 ) 


2 
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r^e z— HHCJio Ji'onacTeH; 

/ — A^HHa JiotnacTH; 

d — ujHpHHa JionacTH na cpeAHeM ceMCHHH; 
a — paAH'yic icepeAHHbi jioinacTH. 


5. BblHy>KAEHHbIE KOJIEBAHM^ nPM KOPOTKMX 3AMbIKAHM5IX 
H CBPOCAX HAEPySKM 

5.1. HaHi5oJice onacHbiM.H hbjihiotch peMvH'Mbi iKopoTKoiro aaivibiKa- 
IIH5I (A'B'yx4)a3HO;ro H Tpex:(})a3HO;ro) h ic6pocbi na'rpysKH. 

5.2. Baji 

5.2.1. /lH(j}(})epeHUHaAbHbie ypaBHeHHH AiBH>KeHHH poTopa rHApo- 
reiiepaTopa h pa^oweiro 'KOJieca 6yAyT HiMeib bha: 

/jOj — C^, (0.^ ~ 9,) — — f sin -f- a.^ sin 2(o/); 

TA + ca^~^i) = o, 

rjxe 1 1 II 1 2 — O'CeBbie MOMCHTbi poiopa rHAporeHepaTopa h pa6oMero 
iKOAeca (b I 2 BKAioMaeT'cn .np.HcoeAHiieHHbift MOMeur 
HHepUHH fBOAbi) ; 

Cr — >KecTiKO€Tb BaAa; 

M„—HOMHHaAbHblH MOMeHT; 

(Xo, ni, ii 2 — '6e3pa3MepHbie .K03(J)(|3H,Li.HeHTbi, ;3aBHcauj.He ot inapaMer- 
po’B o6motok rHApoireHepaiopa; 

(0 — MacTora cexH; 

01 II 02 — ypAbi ,noBopoTa poTopa riiAporeHepaTopa ii pai6oMero 
KOAeca. 

Peman (5.1) inpH HanaAbHbix ycAOBHHx: 

/ = 0; e.=0, = O; (5.2) 





nojiyqwM 

G, =^D| f D-.sin A,^(l — D^cosk^t X 

All,a. 


{\ k^'A 



1 ' cj 


“ — ol 11 / I 


Al„C„at| 


-j- sin 2co/ 




/, (0)2-^,2) 


/j/..co2 (o,2_/^^2)/ ' . ‘ ^/i (4o)2_/r;2) /j/24o32 (4o) 2 —A?j2) 

0*2 D^t -f- sin k^t -j- cos k\t — 

MhCrSCi Sin Mt MnCf^a^ Sin 2co/ 


(5.3) 


2A|2/,/, /,A,<o2(<o2_/t,2) /,/^4 ,o 2 (4io2 _ ;fe,2) 

B (5.2) p' — MHCJTO nap nojiiocoB renepaTopa; b (5.3) (i—\, 2^3, 

4) — wpoHSBOAbHbie inocTOHHHbie; 


f, _ 1 /~ Ca {fi + h) 

V T:r~' 
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Hanojibsyn (5.2), »nojiyiiHiM snaueHHH inpoHSBOJibHbix inocTOHHHbix 


Do=- 


*^A4nCt\C n 


D, = -D,-, 

2<i)yVlH0ti>Cp 




/,/2/ti2(<o2_^.,2) /,/„*j2 (4<„2 _ *,2) /j/,,« ((o2_yt,2) 

. M„a.,Cn . 0) 


/,/,2o) (4o>2 — *,2) 




wAf„aiCB 




(4a)2 _ )tj2) 






(5.4) 


5.2.2. OnpeAeJiHiM nainpajKeHHH b iBajie ot MOMeHta KopotiKoro aa- 
MbiKaHHB. Yiroji aa'KpyBHBaHHH dymeT: 


0 .. 


n ^|2X0 . 4. I r. / ^ t 44h®u 

— ^3-7=r^ Sin -f Di cos kJ -4r-^+ -r^ 

Ob' Ob i 


/Wh^I 


■ sin 40^ ■ 


Afn 0 t 2 sin 2w/ 


/l (0)2 _ y^,2) — 4 (4co2_)^^2) • 

CooTBeTCTByiomHH aroMy yrjiy MOMeHi: 

yw, = c„( 0 .,-Q,). 

riojiHbiM MOMeHT HB Bajiy npH iKOpoTKOM saMbiKaHHH paBeii: 

^'Wk.. = 2W„+.44,. 

Ka'caieJibHbie nampB/KeuHn npn topotkom saMbiKaiinH i6yiAyT pa/BUbi: 

(5.5) 


'K.3 


rjie Wp — nojiHpHbiH moimcht 'CoinpoTHBJieHHH noinepeMHoro ceHenviH 
Bajia: 


w/ — 11 

p~ 32 M 


(4)1. 


TAe D — Hapy^HbiH AHaMexp Bajia; d —BHyrpeHHHH ‘;^HaMeTp Bajia. 

HainpH>KeHHB tk .3 He iao^^khw npeBbiiuaTb AOinycKaeiMoro KacareJib- 
Horo nanpn>KeHHn i[t], KOTopoe corJiacHO [8] paBiio 550 kFIcm^. 

5.3. Kancyjia 

5.3.1. j[lH4)4)epeHiUHaJibHoe ypa'BneHHe ABH>KeHHH .Kaincyjibi OyiAei: 


A'Pc + sin wf -f 32 sin 2w/‘), 


(5.6) 


FAe /j. H Cio — COOTBeTCXBeHHO MOMeHT HHepUlHH Maocbl KaiOiCyAbl H 
>KecTKoeTb onopHbix saiKpeiHjreHHH. 
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MHTeppHpy^i (5.6) inpH HaqaJibHbix ycjioBHJix: / = 0 cp, = cp^, =0, no- 

jiyMHM: 


(0 = - .1'’ X 


B (5.7) 


( [ — ““ sin 102 / + Sin 2(o/j~)~ (1 — cosoj 2 ^). 



5.3.2. no (5.7 ) Moa^Ho onpeAejiHTb yroji noBopoTa Kancyjibi h 
OTH aMHHecKHe HainpH>KeHHH b KOJioHHax 'CTaiopa. MaKCHMajibHbie i/l 
ABHaMHBecKHe HainpnvKeHHH ot HarnSa b KOJioHHax cxaropa npH ko- , . 

P'OTKOM aaMbiKaHHil onpeAeJiHiOT'CB H3 iBbipa>i<eHHn; ' 


^ 4- 

Jy >^niazf(;niax » 

r^e as h iiaxoA^Tcn no (j)opMyjiaM (l-3); //niax — paccTOHHHe or 
ueHxpaJibHOH jiHHHH 1^0 naHf)'OJiee yi/iajicHHoro BOJioKHa noinepeB.Horo 
CeneHHB KOJIOHHbl. 

KaiK inpaBHjio, icyMiMapiibie Haiiipa/KeHHB ot BOca, occboh cHJibi h ot 
cKipynHBaioLueiro MOMeHTa KopoTKono aaiMbiKaHHa ne npe;;oTaBjiBK)T I 
onacHocTiH BCJieA'CTBHe anaBHTejibHbix sainacoB, 3ajio>KeHHbix ,b cyu^e- 
CTByiOUIHe KOHCTpy.KUHH. 

5.3.3. BbiHy>K!AeHHbie iKOJie^anHa mpn c6poce narpysKH BbiMHCJin- 
fOTcn ino 9THiM }Ke 4)opMyjiaM, ecjiH (noAO>KHTb ao = —1, ai = a 2 = 0. 

5.3.4. HH>Ke inpHBeAena nporpaM.Ma BbiqncjieHHB h , 

(02 — 0i)niax ManiHBbi «HaHp;H-2» b pokhmc aBTonpoBpaMMHpo- ; 
BaHHB. 

BjioK-cxeMa inporpaMMbi inpHBeAena na qepx. 8 . 

5.3.5. npO'ppaiMMa ajib onpe'AeJieHHB yrAa inoBopoTa iKaincyAbi h 
ypAa BOBopoTa Ba^a mpn KopoTKHx aaiMbiKanHBx: an /II a. 

1) BBeAeiM aoai a2a3a4a^ac>a7 a8a^a]Qau\ 

2) AoinycTHM / = 0,0005; 

3) BbiqiliCJlHM 

6= aci-ao-a., — a'l) + — a2,))'a,a,,aJo: 

g = — a^,a^a:,!a-,a^al;, 

y =a„a .2 (( a,,sin a,/)/ft,,+sin ac,t'(a.i—a^aiy\-aQa3(—2a^ sinfl,, X 

X 0 I + sill — Aarfil) + ^o«i q ~ CO® 

z (oaya^ sin «„/) a5+(g‘«?o"« cos a,J) ar.+«o (i/,/a?o—(^'iSinaaO/'X 
X («9 — «io) — (<h Sin a^t) (4<v2 — a^)) a-;-, 











B.noK-cxeMa nporpaMMbi no pacneiy BH6pauHH KancyjibHbix rH^poarperaTOB 

npH KOpOTKHX aaMbIKaHHHX 
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4) manycTHM A=\y\\ 

5) aomycTHiM H = \z\\ 

6) fBCTa'BHM ^ = / + 0,0005; 

7) ecJiH t — 0,15>0, HATiH K 16; 

8) Bbl'MH'CJIH'M y\ Z\ 

9) AOinycTHM //= |y | z — \z\\ 

10) eojin A — //<0, HATH IK 13; 

11) ecJiH H — e<0, hath k 5; 

12) HATH IK 6; 

13) ecJiH M — e<0, hath k 4; 

14) AOTiyCTHM A = y\ 

15) HATH iK 6; 

16) ineHaTaeM ic 9-io aiia'KaMii a H\ 

17) KomiaeM. 

Hohojihhm 1. 

ycjioBHbie o6o3Ha'HeHHH inporpa>MiMe mo pacneTy yrjiOB inomopoTa 
Kamcyjibi h majia inpn KOpoTKHx sa'MbiKaHHHx npHiBOAewbi b Ta6.i. 2. 


Ta6Aut{a 2 


IlaHMeHORaHHC c|ni3II'ieCKHX BeJIllMHH 

0603HaHeHHH 

B (l)opMyjie 1 

B MaiuHHe 

HoMHHajibHbiH MOMenT Ha renepaiope 


flu 




I<03(})(l)HHHenTi>i 


fl2 




KpyTMJibHaa jKecTicocTb kojiohii 

Cto 

a. 

KpyiHJibnafl >KecTKOCTb Bajia 

c„ 


MoMeiiT HuepuHH Maccbi Kancyjibi 

r. 


OceBoii MOMCHT HHepuHH oCopoTa reneparopa 

/, 

fl? 

OceBOH MOMenT HHepuHii paOoMero KOJieca 

h 


3jieKTpHMecKaH qacToia 

0) 

flu 

KpyTHjibnaa MacTora najia 

At 

«10 

KpyTHJibiiaH MacTOTa Kancy.nbi 

(02 

flu 

BpeMH 

t 

t 

Vroji noBOpoia Kancyaw 

? 

(y) 

yro.n noBopoTa Ra.aa 

02-0, 

H(z) 


6. onPEAEJlEHME yCMJlHH, HAnP^DKEHHW H nEPEMElMEHMH 
OT nOHEPEMHblX CMJl W OT HEBAJIAHCA COCPEAOTOHEHHbIX MACC 

6.1. ripH mpoeiKTHpoBanHH rop.H30.HTaJibHbix THApoaTperaTOB Han- 
6ojjee Ba>KHbiM HBJiHeTCH onpeAeJieHHc nepeMemeHHH Bajia or AeniCT- 
BHH %inOinepeHHbIX CHJI H •BbIHy>KAeHHbI.X KOAeSaHHH, fBbiamaHHblX 
HoOajiaHCOM icocpeAOTOHeHHbix Macc. 
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6.2. AjiiropHTM fljin pacMera BbiHy>KAeHHbix KOJie'6aHHH inojiyqen 
c. noMombK) .MeraAa HaMa.nbHbix inapaMerpoB [9]. Toraa Bbipa>KeHHe 
npoHSBOJibiibix nocTOBHHbix i+l-fo y'lacTKa Bbipa>KaeTCH qepea 
MaipH'uy inpoHBBOJibHbix inocTOBHHbix i-Toro yqacTKa aHajiorHHHo coor- 
HOUieKHHM (2.4) H (2.5), TOTibKo ^^opMyjia (2.6) Syaer HMeib bh^: 


0 

0 

(4i+i --4«+i) o 

Ml (.4; ^.1 4- g; .|.i) r 


( 6 . 1 ) 


rjie Ei+i — 3'KCiueHTpHCHTeT; Ri+i — cocpeAOTO’ieiiiiaH iCiiJia. 

Bbipa>KaH inpOHiaTOJibHbie iriocTOHHHbie bcox yqaciiKOB uepea npo- 
HSiBOJibHbie inocTOHHHbie HyjieBOiro yqacTKa h yAOBjietBopHiB irpaHHmibiM 
yicJiOBH'HM Ha npa.BOiM KOHue Bajia, iiiojiyqHiM cjieziyiomyio cHcieMy 
ypa'BHeHHH: 

'^^2^0 + ^-2^0 — ’2> (^-2) 


TTie r]i, gi, ^ 1 , ri 2 , ^2 saBHCHT ox napaMerpoB rH^poarperara. 

Ha 3T0H CHcxeMbi o'HpemeJiHiOTCH inpoHSBOJibHbie inocTOHHHbie Hyjie- 
Boro yqaicxKa Aq ;h Bq: 

A '*2^1 —■ . 

“^0 — TT'E ; ~ •> 


(6.3) 


^r^2 — ^ 2^1 

^1^2 — ^2^1 * 


Ooc-ne 3X0X0 ho <j)opMyjiai]vi (2.4), (2.5), (6.1) mo>kho BbiMHCJiHXb 
TipoHBBOJibHbie HOcxoHHHbie ijiJiH JiK)6o!ro yuacTKa. 

6.3. Hepea inpoHiaBOJibHbie inocxoHHHbie Ai, Bi, Ci, Di jicdko onpe- 
AejiHxb npOTHiS, HairHi6aioiii,HH momckx, HonepeHiiyio cHJiy h iiainpH>Ke- 
HHH B HHxepecyiomHx Hac ceMeHHHx iBajia: 

l^,(x) = A,S \ki{x-ai)\+BiJ [kM - a,)l + C,U [*,(x - a,)] + 

+ Di\\ki{x-ai)\- (6.4) 

Mi{x) = EJ,k][A}i \ki{x-a;)\ -i-fi.V|/;.(x-a,)l + 

-h CiS \ki(x- a.) I + D J [ki (X - a.) 11; (6.5) 

Qi{x)=EJik]{Ail [^,(x-a.)l + 7?.U |A:,(x-a.)l + 

+ C;V [*.(x — a^)] + D^S \ki{x — a.)]); (6.6) 




Ml (X) 
Wiix) ' 


(6.7) 


me (jc) — MOMeHx 'CO,npoxHB.neHHH paccMaxpHBaeMoxo ynacTKa 
Bajia. 
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6.4. npHBemeHHbiH b 3toh rJia.Be ajiropHiM pcajiHSOBan Ha 3LIBM 
«HaHpH-2». 

Bjio'K-tcxeMa HporpaMiMbi inpHiBeiAena Ha nepr. 9. 

6.5. nparpaiM'Ma mJiH anpeineJienHH HainpH>KeHHH h iriepeMemeHHH 
or iionepeHHbix <chji h ’aei6ajiaHca cocpeAOToqeHHbix 'Maoc: 

an /20 Ig M niH y Bziu xO 
j?) c tv a 6 s a 

1) AoinycTHM 1 = 0; 

2) B'BemeM y^ lu^ O^; 

3) BfCTaBHiM i = i4-l; 


4) 

ecJiH i — 20 <; 0, iHiATH . 

K 2; 



5) 

iB'BeAeM p\ 




6) 

jianycTHM 





^0,0 “ ^ ’ ^0,1 

= 0; 

^0,2 - 

^ 0,3 


^1,0 ^1,1 

= 0; 

^1,2 ~ 

c,3 = 0; 


^2.0 ^2,1 

--=0; 


^ 2,3 — 


^3,0 ^3,1 

= 0; 

^’ 3,2 ~ 

^ 3,3 ~ 

7) 

jloinycTHM 





^0,0 ^0,1 

= 0; 

^ 0,2 

^^ 0,3 


^1.0=^; ^1.1 

= 0; 

^12 — 

«.,3=0: 


o 

II 

o 

= 0; 

a, 2 = 0; 

«2,3 = 


^3,0 - ^3,1 

=-0; 

^ 3,2 “ 

«3.3=u; 

8) 

HoinycTHM i=0; 




9) 

AonycTHM 





‘^0,0 — ^^’ *^0.1 

= 0; 

5o.2 = ^^; 

5o.3=<J; 



= 0; 

5,2 = 

5,3=0; 


^2,0 “ ^2 1 • 

= 0; 

52.2 = 0; 

5.,3 = 0; 


*^3.0 — ^ 


>^3,1 = 0; •53...=0; 53,3=0; 


3,3 ■ 


10) BbIHHCJIHM 


z^ = Q,mHe{{\ng,p^!M^)Ay, 
I\o = 0.5((//C2,/,) + (C^,/,)); 
]V,=o,5((/y5^,/,) + {Sz^i;))\ 

r„3=:0,5((//Sz,/.)-(S^,/^)); 












i < 20 
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BjioK'CxeMa nporpaMMbi no onpeAe^iennKD yciiJinn, HanpH>K€HHH n riepcMemeniiH 
npn BbiHy>K;ieHHbix KOJieOaunnx riiApoarperaia ot ne6ajiaiica Macc 



Mepr. 9 
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r —zV • 

1,0 0,3» 


r —zT • 
1,1 / 0,0» 


1,2 ' 


’ZT • 
o,i» 


1.3 ■ 


- z T • 
■^r o,2» 


Y • F • Y —z^MY • Y —z'^MY • 

2,0 0,2’ ^2,1 ^2,2 ^ 0,0’ ^2,3 — o,v 


Y M F • 

3,0 ‘^/^^^/^0,1> 


F —z^yyIY • 
3,1 0,2» 


^ 3,2 ^/^0,3’ ^3,3 


0,0 ♦ 


11) nporpaMMa yMYct 4 4 4; 

12) nporpaMMa yMYad 4 4 4; 

13) inporpaMiMa yMYSU 4 4 4; 

14) (Bcia'BH'M / = 1*4-1; 

15 ) BblHHCJIHM Zi\ r, 

^ 3,1’ 

16) BbmncjiHM 


0 , 1 ’ 

r • r • r • r • 1' • r • r • 

^ 2,1’ ‘ 2,2* ^ 2,3’ ^ 3,0’ * 3,1’ ^ 3,2’ ^ 3,3’ 


r*r‘r'r'r*r'r • 

^ 0,2’ ^ 0,3’ ^ 1,0’ ^ 1,1’ ^ 1,2’ ‘ 1,3’ ^ 2,0 ’ 


C — t ’ 

^^0,0 Hi,0’ 


c — t • 

^1,0 ^1,0'^/’ 


^2.0 = + ^,0 20000002^,2?; 


= (^3.0.<^o,o. ^OOOOOO/W^z?; 

17) BbmH'CJlH'M 

^0,0 ~ ^0,0’ ^^1,0 “ ^1,0' *^4’ 

^2,0 = (^2,0/20000002M,2]; 

^3.0= (^3 ,g/^?^/) - yi) ^0 2000000^^.^]; 

18) BbmnicJiHM 

*^0,0 “ ^0,0’ *^1,0“ ^1,0/*^/’ 

*^^,0 = (^,o/^?^/) + ^1,0 + 1?,)/2000000M,Z]; 

^3,0 = (^3.0 - y/) ^^0.0 + + ^,))/20(X)000yM,23; 

19) 0C/IH i — 19 < 0, iH'ATH K 11; 

20) BbIMHCJIHM 

(^^3,0^2,0 ‘^2,0^3,o) (^2,0^3,0 ^3.0^2.o)* 

‘^3,0^2,o) '(^2,0^3,0 ' 


"'O.O 


"1,0 (^2,0^3,0 


"3,0'^2,0/ 
^3,0^2, 0 )’ 


21) lAOiirycTHM i = 0; 

22) (HonyicTHM 




^0,1 

= 0; 

^^0,2 

= 0; 

^0,3 

= 0; 




^1,1 

= 0; 


= 0; 

^1,3 

= 0; 



^2,0 

= 0; 

^2,1 

= 0; 

^2,2 

= 0; 

^2,3 

= 0; 


^3,0 

= 0; 

S.I 

= 0; 

^3,2 

= 0; 

^3,3 ■ 

= 0; 

23| 

BbrqHc,nHM 2,; T^q; T 

0,1’ ^ 

0,2’ 

r • 

^ 0,3’ 

r • 

' 1,0’ 


r • r • r • r • 

* 2,1 ’ * 2,2* * 2,3’ ^ 3,0’ 

r • 

^ 3,1’ 

r3,2; 

1^3,3’ 






2,0 
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24) inporpaMMa yMYct 4 4 4; 

25) BCTaBHM i = 

26) Bbl'MHCJlHiM ^ 0,1’ ^0,2’ ^0,3’ ^1,0’ ^1,1’ ^1.2’ ^1,3’ ^2,0 ♦ 

^ 2 , 1 ’ ^ 2 , 2 ’ ^ 2 , 3 ’ ^ 3 , 0 ’ f " 3 , l ’ I " 3 , 2 ’ ^ 3 , 3 ’ 

27) BbIHMCJlIIM 

c — / * c = t fz • 

^ 0,0 ^ 0 , 0 ’ ^ 1,0 ^ 1 , 0 ' /» 

^ 2,0 = (^ 2 , o /^?^,-) + + ^.)/ 20()0000 

= - >'/> '"o.o + (injiu.p'^ + x,))/200000()yM,23; 

28) BbiqHtCJiiiM 

a^^_, = {200m0z^)M^c,^,; 

^'^2,0 ~ ^0,0/ 

29) nenaTaeM c 9-k) siiaKaMii ao,o^ii,o ^? 2 ,o co,o; 

30) ecJiH i — 19 <0, ;h(ATH k 24; 

31) iKOHi^iaeM. 

HonojiHHM 1 . 

6.6. yc-noBiibic o6o3iiaHeHiui k inporpaMiMc npHiBeAenbi b raOji. 3. 


TadAuu^a 3 


liaiiMenoBaHHC (j)H3HMecKHX Be.nHmiH 

0603HaHeHH51 

npuMeoaHne 

B cliopMy.ae 

B MaiJiHHe 

/I.jiinia yMacTKa 

li 

li 


naoiuaAb ccMemiH Bajia 

I'l 

gi 


MoMeHT HiiepiuiH Bajia 

Ji 

Mi 


CocpeAOTOHeHnaH Macca 

Mi 

nii 


PasHocTb oceBoro h aKBaropHajibnoro 

7 oi Isi 

Hi 


MOMeHTOB HUepUHH AHCKa 




Pa;inaabnaji >i{ecTK 0 CTb onop 

a/ 

yi 


yi'JIOBaH >KeCTKOCTb onop 

0 . 

i^i 


VrjiOBaB cKopocTij BpamennB rnjipo- 

0) 

p 


arperaTa 




SKCUeHTpHCMTeT 

£i 

lUi 


llonepeMnaa cnjia 

7^/ 

'^i 


Momcht conpoTHBaemiH yoacTKa Baaa 

Wi 

Oi 


M3rH6aioiiuiH momcht 

Mi 

^D.O 



rionepeMHasi CH.nax 

Qi 

^1.0 


Ilocjie 27-ro 

HanpHMcennH 


^2.0 


onepaiopa 

nporn6 

Vi 

'"o.o 




3 3aK. 462 
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U podoAO/ceHue Ta6A. 3 



06o3HaHenHH 


rIaHMeiioBanne (])n3ii«iecKnx liejiiiMMii 



npHMeMaHiie 


B (l)opMyae 



B MauiHHe 



s,- 

^'o.o 


fpyHKUHH KpWJlOBa 


T, 

U; 

^'o.l 

^0,2 




V,- 

^0,3 



k,Vi 

^1,0 



kiS, 




kiTi 

1 Y 2 



kiV, 

^1,3 



ki^JjMi 

^2.0 



k-U,\, 

^2.1 



kiViS, 

to 




^2,3 


Ko3(})(lDMUHe!ni>i npii nocTOflimon A,^ 


"/.i 

JXo 18-ro 
onepaTopa 

K09c|)(l}HUHeHTbI npH lIOCTOHHUOfi /?„ 



ilo 18-ro 
oneparopa 

nocToimiaa .4,, 

4,, 

^0,0 

Oneparop 20 

riocTOHUHaa 


^1,0 

Onepaiop 20 

nOCTOHHHbie 

4/, Bi, Ci, 

^0,0. ^1,0^ 

Hocjie 21-ro 


l>i 

^2,0 • ^3,0 

onepaTopa 


kiMiTi 

^3,0 

' -4 


.vpy,u,- 

^3,1 

K 


krJiV, 

^' 3.2 



A',.3y,s,. 

^3,3 

- -x' 


ki 




7. nPMMF.Pbl PACHRTA M CPABHEHHE C flAHHbIMH HATyPHbIX 

HCnblTAHMH : 

7.1. B Ka'iecTBc npiiMepa pac'iexa coilcPBeniihix 'lacTor Kaincyjibi 1 
paccMorpHM rHippoarperax MepenoBeuKofi FSC, HMetouiHfi c.JieAyiouiHe 
napaMexpbi (c.m. pa3:Ae./i 1); " 

Af. =473 Kr-CM 'CCK-; 1=^223 cm; 

;V/, = yMf = 700 icF-cm ceic-; / = 447 cm; 

kF- cM-ceK-; R ^—232 CM; 

kF-cm-cciF; A?3=209 ('.w. 
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A —1808 CM-; Ip — 357 cm; 

A„ — 227() CM^\ a = 425 cm\ 

Ag -= 2700 CM^; b = 350 cm\ 
yy = 3,1 •! 0® CM^\ c — 700 cm; 

7^ = 7,35-10« 

•^yM = 1.5-10'’ cm ’'; = 2,2-1 0‘ cm ^; 

y^„ = 3,8-10® 7,,,, = 1,2-10® 

Jyf, ~ 1,5-10“ cm''; y^,6 — 6,4-10“ cm^; 

J^(, — b,A2-W' cm'; a = 0; /«=12: A,, = 50 cm”-. 

Ho 4 >opMy. 4 aM ( 1 . 8 ) onpeAejiaeM Koa(j)(})H'UHeHTbi 631 — 643 


- 2 


/447 


209 


■*3 2 


73 7 ' 

4473 

1 447 ■“ 

\ 2ET ^ k'GA 

1 

12-2-10«-735-10« 

1 

' 1-8-101-1808 

’ 73 7 . 

4473 

. 447 

\ 2FJ ^ k'GA 

12.2.100.7,35. lO'i 

’ 1.8.10^.1808 

L \- R , 

447 


2 ~ 

209 

73 7 

4473 

447 

\ 2 EJv b'Gl 

12.2.100.3,1.100 

' 1.8.100.1808 

1 

1 

— r 

p I 7 

447^» 

447 “■ 

\ 2ETy k'GA 

12-2.100.3,1 . Too ' 

1-8- 10-1-1808 

> c 

fj ..- ~ ——- 


700 


= -5,.3210‘* kF ; 

= 1,23-10“ kFcm ; 


= 2,9-10“ kF; 


= 0,67 -10“ kF c.h; 


[3 I 447^ , ^ 4 / 

12-2-10'i-3-l-10'‘ I” I-8-I0--I808 

2tJu A' (lA 


447 


=4,7-10“ kF. 


\2EJ 


OJn 


8-103-2,2-10: 


‘+77 


I 

FJv 


447 

7 4472 


- 3,9-10'“ icF cm; 


b'GA 


2-10^-3-lO'-' 447 

1-8-103-1808 2 


/3 


4473 


447 — 


12£7y b'GA 

= 7,9-10'“ kF-cm; 


12-2-103-3,1-103^ 1-8-101-1808 


3 * 
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^^38 = —^ 


/ 

2 


447 

2 


4473 


447 


= 1 , 5 - 10 " kF- 


+ 12.2.3, MO*.-^1.8.105,1808 


447 

700.- 


^-'39- 


/3 


4473 


447 


= 1 , 06 * 10 ^^ kF•cm*. 


\2EJ^ k'GA 


12.2.10*^3,1.10*’"^ 1.8.105.1808 


I' I EJz I ^^3 447^^ , 2.106.7,35.10^ 1 ^47 

3 k'GA'^ 2 3 + 1.8.105.1808 2 ' 


'■^40 • 


4473 


447 


12^'^IFgX 12 . 2 . 106 . 7 , 35.106 "^ 1 . 8 . 105.1808 

= 1 , 53 * 10 ^‘ kF-cm; 


^^41 =- 


2 


P 


4473 


447 


12^7^ k'GA 


12.2.106.7,35.106 ' 1.8.105.1808 


^42 ' 


-=-2,75.10-’ kF; 

EA 2.106.1808 


7 447 

cEA 700.2.106.1808 




= — 8 , 1 - 10 ^ kFIcm\ 
5 , 67 - 10 '’ kF. 


7 447 

Zla.nee no cj)opMyjiaM ( 1 . 12 ) onpeAeJineM K 09 i ( j )'( J}iiUHeHTbi a: 


^ 1 M - 


^3 

~ 2 ~ 


I 


2233 


223 


= 3 , 5 . 10 ^ kF; 


\2EJ 


vM k'GA^ 


Oto. 


12.2.106.1,5.105 

1 


\2EJy 


'k'GA, 


EJ 


VM 


0,32-10-'* 

223-i 2.10'i.l,5 


.8-10''-2270 

3 , 13 - 10 ^ kFIcm-, 


k'GA, 


■8-2270 


I 


223 


223 


12£y,,„ ~ k'GAu 12-2. lO'i-1, 5 . lO- 

— 5 , 2 - 10 '’ kF-cm; 




I-8-10^-2270 
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223 

2 


/3 


2233 


\2EJ^ 


k'CiA, 


+ 1 


223 


1 


l2‘2.10'^-3,8-10‘’ ^ 1.8-10^.2270 

4,65-lU^ /(F; 

1 


/ 


2233 


223 


^'7m — 


\2EJ^ 


■~3 


^ k'GA^, l2-2-10'’>.3,8-I0«^ 1.8*103.2270 

= 4,17*10^ KrjcM\ 

EJ,^, 2232 2 . 10 ^. 3 , 8 . 10 '^ 


k'GA^ 


3 

22ar 


1.8*103.2270 


223 


12£y^ 


k'GA^, 12 . 2 . 10 ^. 3 , 8 . 10 '’ 
-- 8 , 6 . 10 "^ Kr-CM\ 

223 

2 


1.8.103*2270 


^16 


/3 

1 ^ 

11.10*^ 

. 223 

i2£y ^6 

1 

' k'GAcy 

12*2.10'’. 1 , 5 .10'’ 

1 

1 1.8.103.2700 

/•3 

1 

uf ri A 

IMO'i , 

100 1 nfi 1C 1 riR 1 

223 ~ 

1 0 in?^ oTnn 


-=2,73-10« kF- 
2,45-10^’ KFjCM; 


^36 = 


/•J EJy(S 

/3 , / 


2233 


2*10'^^. 1,5-10'’ 


1.8.103.2700 


2233> 


223 


12£y^6 ^ k ' GA ^ 12-2.10'’.1,5.10'’^ 1.8.103.2700 

= 4,47-10‘" kF-cm; 


^■46 ^165 


^A=)6 —- 


223 

2 


2233 


223 


12£y^6 ^ k'GAe 12.2.10'>.5,4.10'5 ^ 1.8*103.2700 

-=~6-l()'’ kF; 


H6 


/3 


2233 


223 


— 0,53-10^ kF/cm; 


12EJ^6 


?>76 = ’ 


k'GA^ 
7^ , 


12.2.10'^.5,4.10^’ ' 1.8.103.2700 

2233 2.10'’.5.4.10'> 


k'GAQ 


/3 


/ 


3 

" 2233 ” 


1.8.103.2700 


223 


12£y^6 ' k'GAe 12.2.10«.5,4.10'’ 
= 1,14* 10^^ -cm; 


1.8*103.2700 
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^8M ^OM 


'•9m 


^•06 


'106 


_ 

2-10*^.2270 

/ 

223 ~ 

pM 

8-105-l-2-l0« 

1 

223 


"^•86 = ^^-56; 

. +-46 

2.10«.2700 

1 

223 

GJp6 




223 


rio fjjopiMyjiaM (1.11) c Hcino.nb30BaiiHeM (t)opMyji (1.8) n (1.12) 
onpeaeJiaeM KO'3'4)4)HUHeHTbi C; (f=l-^il6). 

EA 

f 1 = 2 (a^,, + a^e) + -- 5„ = 2 (2,04 • 10’ + 2,42 •10’) + 

+ 4-3,13-10’ + + 8,1 • 10« - 10,03-10’ kFIcm; 

EA 

= 2 (otg,, -i- a„e) (a - - f>) + 4a,, „ {a - b) —I? — 8„ -= 

= 2 (2,04-10’ + 2,42-10’) 75 + 4 •3,13-10’-75-—.-^2^^350- 


-5,67-10" = 5,3-10* Kf; 

-|-2ao6 = 6-4,17-10« + 2-5,3-10«=^25-10«+ I0,6-108= 
= 35-6- 108 = 3,56- 10’ kFiCm; 

m 


: 2 (a — by (ag^j + 7 . 35 ) + 4a.^„ {a — -f- 




+ -j- 2 (a^,, -f- 7^5) — 2/?i (ag,j -j- - - 2 R^ -f- 

+ 2Ry (a^, + a,6) + 540 - RAi = 2 .752 (2,04.10^ + 2,42.10^) + S 


+ 4 - 752 . 3 , 13 - 10 ’’-|--^ 


12 2.10'^.50 . 


357 


350^ + 700-5,67-10'’+ 4-4,3 


+ 2(0,86-10‘‘+ 1,14-10‘0 -4-223(-4,65.10«--6-10'0 + 2-2232x 
X (0,42 -10^ + 0,53 -1 O') + 1,53 -10‘ ‘ + 209 - 5,32 -10^ = 1,17 -1 O'" eFIcm; 


C 5 — 2 (a — b) (ay^, + ctg 6 ) + 4 (a — b) a^M 

m 


^ U I 

b “|— C^\2 ^ 2 » 


Cg — 4ag^j -j- 2 (a2^^ + — —• —j -[- Ogj — 4 - 2,04 -10' -j" 
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|: +2 (3,13 • 10^ - h 2,45 • 1 ()«) + 


12 2-l0'5.50 

‘2 ' 357 


-I-0,67-K)"^ 8,95-10' nF cm 


c^ - 4{a — b) ag„ — 2 (sTj,, 0 - 26 ) (^7 — b )-\ —— b -j- Oj^ = 


% = — 4 • 75 • 2,04 • 10^ - 2 (3,13 • 10’ + 2,45 • 10®) 75 + 350 + 


+ 4,710"-=5,48-1 O'-’ ten, 

EA 

^^8 = 4 (rt — /»)7 a,,,, + 2 (a — (ajj, + ~\ — •2'~^ 


”1“ ^ (*iom ^lod) ~l~ 47.-JI 4 /i^|0!jui - 4/^j0(jy + — 

= 4-752.2,04-10’ + 2-752(3,13-10-' + 2,45-10«) + -^--^^— 3532 + 

+ 4,710" • 700 + 2 (4,3 • 1 O'* + 2,3 • 10''') + 4 - 8,6 • 1 O'" + 

+ 8•223-4-4,65-10" + 4-2232-4,17-lOM-3,9-10"^ = 2,53-10'2 kF-cm-, 


Ctj — 4 {(I b) Ogji — 2 {a - b) (a,^„ + a.^g) -|— b + 034(7 — C;, 

7’io = + 20(35 + 2 /?i (fiajn, + 2 ajg) + ‘^’'^ 2 ^) “I" 

+ ^37 + Rzhi -= 6 -5,2 -1 0 " + 2 - 4,47 - 1 O'" + 2 - 223 ( 6 ,- 3,5 - 10 ’ + 

+ 2-2,73-10") + 223'2 (6 -3, 13-HP + 2-2,45 -10") + 7,9- 10 '" + 

+ 209-2,9-10" = 0,93-10'2 icFjCM. 

rioftCTaBJiyiyi MHCJia'B cj) 0 'pMy.nbi (1.15), (1.16), (1.17) h (1.18), iioTiy- 



3,56-107-980 

273000 


— 273 1 iccK = 43,5 



(cj/j + C 4 /M,| ) ± y + CiAy^ )2 — 4(0,^ (C 1 C 4 — C 2 C 5 ) . 

214+5 ““ ’ 




) ± ]./(CgAI^ -T )2 — 4A45 (CeCg -- C;Co) 
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A 




+ ^ 9-60-10‘3^- ,, 


706000 

2-60-10''' 

980 


[-<■ 


706000 


980 


'60- 10t'(8,95*2,53-I0'3 — 5,48^.10i«) 


706000 

2-60.10« 

980 


_ 1 / 11 , 4.1015 

“ y 8,64-low 

_ 1 / S.jQi-^ _ . 

■“ y 8,64.101" “ 


liceK=^58 zi{\ 
1/c£^a: = 29,8 zi{. 


TaKHM o6pa30M, Hcnojibsyn (2.10), iiojiy^HJiii aiia^enMH uacTOT 
ciiCTeMbi: o)i='43,5 oj 2 = 53 t03=t69 a^, 034 = 6! a/{, 035 = 68 af(, 

036 = 29,8 zi\. 

Sainacbi mo ,B03'M0>KHbiM HacToiaM B03MymaioLUHx chji Heicy- 

meft KOHcrpyiKiumH rHApoarperara HeponoBeuKOH r3C mpH'Bemeiibi b 
TaOji. 4. 



Ta 6 AUL{a 4 



Kocj({)c 

3nLuieiiT sanaca npn codcTBennbix Macioiax 

OacTOTbi B03Myiua- 

K)miix ciiJi 

0)1 == 

=43,5 2/< 

-- 53 2H 

0)3 

— 69zn, 

<0^ — 

= 61 2/^ 

O). 

= 58 2/< 

0>,3 —r 

= 29,8 2 /^ 

HopMajibHbie oOopoTbi 
(1,56 2/0 

27,9 

34 

44,3 

39,1 

37,3 

19,1 

PaaroHiibie oOopoTbi 

(3,5 2/0 

12,4 

15,1 

19,7 

17,4 

16,0 

8,5 

XlepBaM JioiiacTHaH wac- 
Toia no HopMajibHbiM 
oOopoTaM (6,3 zu;) 

7 

8,5 

11,1 

9,77 

9,33 

4,77 

riepBaB JioiiacTHaH Mac- 
Toia no paaroHHbiM 
oOoporaM (14 2/0 

3,1 

4,3 

4,93 

4,35 

1,15 

2,13 


' ^ 

." w 






3KionepHMeHTaJibHo ompeiAeJieHiibie ic moMoiubio BH'6paTopa MacioTbi 
6biJiH paBHbi 031=45 8Uf H 036 = 29 eUf (sKicnepHMeHT J1M3). 

riocKOJibKy ;;Haina 30 H qacTOT, Aasaeivibix MexaHHMecKHiM iBH 6 paTO- 
pOM, 6 biJi orpaHHmeH qacxoTOH 50 a^, to 032, 033, (04, (05 b /^aHHOM 3 K'C- 
mepHMeHxe ompeAeJieHbi me 6biJiH. OxKJioHeHHH xeopexHHeoKHx qacxox 
He inpeiBO'cxO'AHx 10 %, hxo cBHAexejibcxByex o aiocxaxoHHOH odotcHOBam- 
HOicxH inpiHHHTbix mpH iHOCxpoeHHH ^^aHHOH MexoiUHKH rHnoxes. Kax no- 
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KasaHo B Tai6ji. 4, arperaT MepenoBeuKOH r3C HiMeei ino bcbm yKaaaii- 
HbiM HacToraM BOSMymaiomHx chji AOCTaxoHHbie aainacbi. 

7.2. Ho H3ji0>KeHH0H ,B pa3;ieJie 2 MerouxHKe onpenejieuhi ica6cTBeH- 
Hbie MacTOTbi H iKpHTHMeoKHe OKopocTH iBaJiOB rHApoaxiperaTOB KHeB- 
CKOH, OepenaziHOH h HH>Kne-KaMCKOH FSC (xaSji. 5). 


TadAuna 5 



CoOCTBCHHaH 

MacToxa 


HaHMeHOBauHe r3C 

npH HOpMaJlb- 
HOM CKOpOCTH 
BpameHHfl 

npH paaroH- 

HOH CKOpO- 

cxH Bpame- 

HHH 

KpHXHMeCKaH 

CKOpOCXb 

KiieBCKan 

89 

92,5 

135 

riepenaj^HaH 

84,5 

87 

102 

HH>i(He-KaMCKaH, /iByxonopHbitt BapH- 
aiiT, — 7,5 M 

p.K 

57,5 

59 

70 

HHiKne-KaMCKafl, TpexonopHbni eapn- 
aHT, — 7,5 M 

p.K 

123 

126 

154 

HuiKHe-KaMCKaH, MexbipexonopHbiH 

BapnanT, /)p 8,0 m 

117 

118 

119 


KaiK iBH^Ho H3 xa6ji. 5, pa3HHua Me>K(Ay 'C(>6cxBeHHOH Macxoxofi h 

KpHXHMeOKOH CKOpOCXbK) •MO>KeX 5bIXb BeCbMa CymeCXBeHHOH. 

3aina€bi coi6cxBeHHbix Macxox BajioB ropHaoHxajibUbix Kainicyjibubix 
nr/ipoarperaxoB npiiBe/ieHbi b xa6ji. 6. 

TadAUi^a 6 


k 

* 


M. 



HaHMenoBauHe PSC 


KneBCKan 

riepenaAMafl 

HHMcne-KaMCKafl, ;iByxonopHbiH BapnaHT, 

= 7,5 M 

HuMCHe-KaMCKan, Tpexonopiibn'i sapHaHT, /9p k = 
-^7,5.w 

HH>KHe-KaMCKafl, MeihipexonopubiH BapHaHX, 

Dp ^ - 8 M 


06opoTbi ruApoarperaia 
HopMa.ibHbie I paaroHHbie 


9,9 

2,46 

8,6 

2,15 

7,68 

1,92 

16.5 
4,12 

15.6 
1,95 


5,15 
1 ,29 
3,95 
1 

3,40 

0,85 

7.1 

1,78 

6,8 

1,13 


n p II M e q a H H e. B MHCJiHxeJie yKnaanu no cooxBeTCTByiomnM ofiopoxaM, b sHaMena- 
xe.ne — .xanacbi no nepaott JionacxHott qacxoxe. 


Kax cJieiAyex h 3 xai6;i. 6, Ha paaroHiibix o6o>poxax B03M0>KHbi KOJie- 
6aHHH c nepBoi’i rapiMOHHKoft JianacxHOH nacxoxbi. 
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7.3. npHiMeHHM BbiBeACHHbie B pa:3iAejie 3 (})opMyjibi iAJIh pacMeia 
C 06 cTtBeHII 0 H qaiCTOTbl KpyiHJlbHblX SJieKTpOMexaHHHeOKHX K'OJieOaHHH 
najia, ,npH -cJiCAyiOLUPix /napaMcrpax rHAporeHepaTopa: 


m ---= 3; U-=\ 820 8\ E = 2690 a ; 




:0,69 /;.4i; ^*^^ = 0,49 om\ 


12 = 9 \ ceK\ /:--=6,4.10‘^ KF-cM^ceK^ /?' = 35; 20 = 38^50'; 
cos % — cos 38^50' = 0,78; cos 2% — cos 77°20' = 0,214. 
rio (tjopMyjie (3.4) oinpeACJiBeM. 




10 , 2 //? 


FM . , 

— cos 0 ^ + 

L 


Xq Xa ) 


cos 23. 


10.2.3 2690-1820 


0,69 


X 


X0,78+ 18202(^j-5j^-^)o,214=::20,3-10" kF-cm. 


rio 4 )opMy;ie ( 3 . 3 ) naxoAHM co 5 cTBeHHyio qacTory ^jieKipoMexa- 
lIHHeCKHX KOJie 6 aHHH 


^2 



1 / 20 , 3 . lO'*.35 
\ “o',4.1 O'* 


= 10,6 


1 ceK = 1,63 


zi\. 


IlaTypiibie HccjieAOBaiiHn no oxKJiioMeiiHjo KopoTKoro aaMbiKaHHa 
IlOKasa.lH, IITO MOlUHOCTb AO AOCTH>KeHH^ yCTaHOBHBIiierOCJl pe>KHMa 
KOjie6;TeTC^i c MacTorofi raKoro >i<e nopaAKa (2—2,5 ar(). 

7.4. rio c})o-pMyjiaiM pasACAa 4 BbiMHicJiaeM inpHcoeAH'HenHbie Maccbi 
\l MOMCHTbl HHepAHH A^^a paSJlHMHblX BHAO'B KOAe6aHHft. 

Oin'peAeJiHM inpHcoeiAHHenHyK) Maccy .KamcyAbi .npa mpoAOJibHbix ko- 
jie6aHHax. npHcoeAHHCHHaa Macca cAaracTca ,h 3 inpHcoeAHHeHHOH 
Maocbi KamcyAbi h 'opHcoeAHHeHHOH Maccbi pa6oa0ro KOAeca. flpHcoe- 
AHHCHHaa Macica iK KaincyAe onpeACAaerca mo c|)opMyAe: 


4 


PAe \i. ompeACAaeica 113 rpa4)HKa aa aepr. 5. 

rio OTMOlLie.HHfO -^=0,4 na.XOAHM, MTO K03Cl)fl)HUHeHT p. =0,15. 
TorAa 




0,15*-^•^j-Qg-^0,75-9. lO*^ =43 kF- ceK-'cM. 


JXji^ pacaeia mpHcoeAHHeHHOH Maccbi BoabMCM cpeAHce ceae* 

HHe Aonacrm pa^oaero KOAeca 0/1-984, Koiopoe HiMeer napaMeipbi: 
cl = 240 CM, / = 200 CM, t — 298 cm, z = 4. Oo (]3opMyAe (5.3) HMeeM 

(i 240 

Ho ■7'=298 rpa'(|)iiKa iia ‘lepr. 7 nojiy4HM kyy = 0,75. 

Toiraa inpHcoeftHHeHHafl Macca ,k pa'6o‘ieMy .KO./iecy 6vaeT; m = 
= 4.0,75 • 10-e • 2982.200 = 53 /cr • ce/c2/c;M. 




















PTM 24.023.04 Cip. 41 


TaKHM a6pa'30M, npH'CoeAHHeHHaH Macca npH inpo^oJibHbix KOJie- 
Sa.HHHX 6yiaeT pasHa ~'^p.kc *+■ kF • ceK^jcM. 

OnpejieJiHM npRcoeAHHeHHyio Maccy h inpiH'CoeAHHeHHbift moiMcht 
HH epuHH Macc BOAbi K 'Kancyjie inpH nonepcHHo-noBopoTHbix KOjie6a- 

HHBX. 

p. b 300 A " A u 

no OTHO'UieHHIO ““750 HaHi/lCM ~ nonpaBOMHUe K03Cj)(j)H- 

UHenTbi H H3 pHc. 6: jj^ = 0,78: t)^^ = 0,36. 

To DA a 

4 4 10-3 

^?fip = 3 j =0,78 • -j -• ~ 9 ^T o" ’ ‘ ^ 


15^ — 0,36-4-':: 15.0 98.103 X 

X (56-10'-f-9-10'‘)0,75-9-10' = 16,2.10^' KF cM cen^, 


Qnpe'AeJiH'M npucoeiAHHeHHbiH MOMeHT HHepuHn boabi k paSoaeMy 
KOJiecy ,rH\;ipoarperaTa ajib KpyxHjibUbix KOJie6aHHH. Hcxo-AUbie abh- 
Hbie peiiieTKw: ^ = 4; ^^ = 240 cm\ / = 200 cm\ a = 200 cm. noACiaiBJiBB 
•)TH BejiHMHiibi B (l)opMyjiy (5.6), no.jiymiM 


^iip 


4 . 200 . 10 -^^* 2402.2002 

2-980 


— 2,92.10® kF-CM- ceK^. 


nojiHbiH MOMeHT HHepUHH paGoMcro KO.neca .6yAeT: 

4 = /^ -f- /„p = 1 , 1 • 10® -I- 2,92 .10® = 4,02.10® kF * cm - ceK\ 


7.5. no pa3pai6oTaHHOH -b AaHHOM PTM iiporpaMMe inpoHSBeiAeH 
pacHCT BbiHy>WAeHHbix KpyTH^abHbix KO/ie6aH.HH KancyJibi h BaJia rii/Apo* 
arperaia Khobckoh TSC ,npii Tpex(l}a3HOM KopoxKOM aaMbiKanHH na 
3 a>i<HiMax reiiepaiopa. 

HcxoAHbic HapaMexpbi: 

A = 13,4-10® kF-CM- ceK^-, /, = 2,4* 10®/<:/" -cm-cck^*. 


72 — 4,02.10® kF CM-ceK-\ ao = 0,033; 

7 .j = 2,61; ^2 —0,08; (O 2 = 141 \ceK\ 

(0 = 314 \ cefc, /?!—81 \ ceK\ 

^10 = 27.10^® kF-CM', ^^ = 9 , 9 . 10 ® kF!cm\ 
yV/„= 1^92-10' kF‘Cm\ D = 100 cm\ rf = 60 cm. 

MaiccHMajibnoe aiiaqeHHe yrjia noBopoxa Kancy.nbi OKa3a.xocb paBHbiM 
0,154-10"^. 3x0 cooxBexcxByex nepeMemcHHio HH>KHero KOHua ko- 
aoHHbi cxaxopa A=0,37 mm. no AaHHbiM naxypubix HccACAOBaHHii, 
opoBeAeHHbix HHC fHAponpoeKTa, cpeAHBB BeJiHHHHa HSMeHeHHH 
3X0X0 nepeMemeH:HB oKaaajiacb paBHofi 0,400 mm. 3xo cooxBexcrByex 
HanpBHceiiHBM b KO.xoHHe 265 kFIcm^. 






Cip. 42 PTM 24.023.04 


Ma'KCHMajibHoe snaHenHe yrjia saKpyHHieaHHH sajia oKaaajiO'Cb 
paBHbiM 0,87-10“^ pad. 3T0My yrJiy cooTBeiCTByeT MOMeHT 

yM 1 r=z r, (02 - 0,) =. 9,9 . 1 O'' . 0,87.10-^ = 0,86 • 1 O' kF • cm. 

rioJiHbiH 'MOMeHT Ha BaJiy npn KopoiKOM saMbiiKaHHH 

+ == 1,92.10' +0,86.10' = 2,78.10' kF-cm. 


riOJlHpHblH MOMCHT COHpOTHBJieHHH BaJia paBCH: 




T,IP 

32 



= 168000 cm\ 


Ton^a 




.3 2,78-107 




,68.lO- 


165 kF cm"^: 


+ [x] =550 kFIcm"^. 


7.6. Ho npHBeaeHHOH b paa^e^ie 6 MeiojiH'Ke npoHS'Be^AeH pacner 
BbiHy>KiaeHHbix ;KOJie6aH;HH Bajia PH./ipoarperaTa KneBCKOH fSC. Be- 
jiH'HHHbi SKicueHTpHCHTCTa Ha rcHepaiope h paOoqeM KOJiece 5biJiH npH- 
HHTbl paBHbIMH 1 CM. 

PeayjibTaTbi pacHeia inoKasaJiH: 

а) MaKCHMajibHbie AHiiaMHHecKHe HanpH>KeHHH b Bajie ot He6a- 
.laiica B03HHKaiOT y Typ6HHHoro noAuiHHHHKa h paenbi 13,4 kFIcm^; 

б) MaKCHMajibHbiH inpoTHiO HMeer MeiCTO na pa6oHeM KOJiece h pa- 
Beii 49 MK. 

TaiKOH ypoBCHb 'BH'6pauHM cBM^L;eTejibCTByeT, hto arperaT yAOBJier- 
Bopnex HopMaiM 0PrP3Ca c ouchkoh xopomo. 
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